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Specifications /345* 

1. Title of the Invention 

Cement Composition for Underwater Pouring 

2 . Claim 

(1) A cement composition for underwater pouring composed mainly of 
acement into which a polymer thickener is added; saidcement composition 
for underwater pouring characterized by one part of cement being 
substituted with silica fume. 

(2) The cement composition of claim 1 characterized by the amount 
of the silica fume compounded being 5 to 20% based on cement weight. 

(3) The cement composition of claim 1 or 2 characterized by the amount 
of the silica fume compounded being about 10%, based on cement weight. 

(4) The cement composition of any one of claims 1 to 3 characterized 
by the rate of the polymer thickener added being about 10%, based 
on the weight of the water used during mixing and kneading. 

3. Detailed Specifications 
(Field of Industrial Application) 

The present invention pertains to a cement composition for 
underwater pouring, that is, a concrete or mortar composition using 
a tremie pipe and an enclosure, or in other words, one used for direct 
pouring at the bottom of water and the like from above the water 
while allowing a dynamic contact with river water or seawater. 



* Number in the margin indicates pagination in the foreign text. 
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(Prior Art and Problems Thereof) 

When regular cement compositions used in construction andbuilding 
were placed directly at the bottom of water from above the water, 
in most cases, there was runoff of the cement content of the cement 
composition into the water while conveying it to the site of pouring 
at the bottom of the water or the like, and after pouring, it sustained 
the force of water currents acting in unexpected directions until 
it set and hardened and also a corrosive action, and the desired 
shape is not attained. Furthermore, part of the cement content was 
lost at the surface layer portion especially due to the action of 
the water currents. As a result, it was difficult or impossible 
to obtain a cement structure with high strength. 

In order to overcome this problem, synthetic or natural polymer 
substances that were blended as thickeners have been proposed in 
recent years (publication of West German Patent Application /346 
No. 2,326,647, Tokkai Nos . 57-3921, 57-123850, 58-181574, 59-26956, 
etc.) , which led to such cement compositions in which these polymer 
thickeners were mixed being used for general-purpose underwater 
construction work. 

Such cement compositions for underwater pouring currently in 
use have the following problems upon comparison to so-called ordinary 
cement compositions in which washing away of the cement content during 
underwater conveyance is kept to a low level (this is perceived as 
cloudiness in the water) , and on the other hand, no polymer thickener 
is added. 
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1) Increased cost (because the primary agent of general -purpose polymer 
thickeners currently used is a cellulose ether or polyacrylamide, 
and it is necessary to adjust the amount {% by weight) of the thickener 
at least 1.5% with respect to the rate of this thickener added, that 
is, the unit amount of water in order to keep the underwater cloudiness 
to a prescribed level or lower), 2) The length of the setting time 
is prolonged (the setting period is extended depending on the amount 
of the polymer thickener added, which means that it is difficult 
to maintain the desired shape until the composition is set and hardened 
because it is easily affected by water currents, etc.) and 3) the 
working efficiency decreases (the viscosity of the cement composition 
increases as a matter of course due to addition of the polymer thickener, 
which means that hardships in handling and trowel finishing arise 
during manual work, and the feeding force when the composition is 
pumped must be set extremely high, thus the load on the pump increases . ) 
(Object of the Invention) 

Therefore, the primary object of the present invention is to 
obtain a cement composition for underwater pouring wherein runoff 
of the cement content is kept at a low level during its underwater 
conveyance as with a conventional cement composition for underwater 
pouring, the setting periods can be much shorter than for the 
conventional cement composition for underwater pouring, and therefore, 
it is difficult for the composition to be adversely affected by water 
currents because it manifests strength quickly, 
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Another object of the present invention is to obtain a cement 
composition for underwater pouring wherein the working efficiency 
and applicability are better than those of conventional compositions . 

Yet another object of the present invention is to obtain a cement 
composition for underwater pouring at a lower cost than with 
conventional compositions. 

(Means for Solving the Problems and Operation) 

According to the present invention, the above-mentioned objects 
are achieved by substituting one part of cement with silica fume 
in a cement composition for underwater pouring composed mainly of 
cement to which a polymer thickener was added. 

An amount of 5 to 20% is suitable for the amount of the silica 
fume compounded, based on the cement weight, and it is especially 
preferable that it be about 10%. Perhaps this is because if it is 
5% or lower, there is little affect on shortening the setting periods, 
and on the other hand, if it is 20% or higher, the viscosity of the 
cement composition becomes too high due to the amount of moisture 
absorbed by the 0.1 to 0,3 ym silica fume particles and the thickening 
action of the silica fume itself, which reduces the working efficiency . 
As a result of research by considering the applicability of regular 
concrete compositions, based on usual slump of about 10 cm, it was 
proven that about 10% is most suitable for the amount of the silica 
fume . 

As compared to a conventional cement composition for underwater 
pouring, the underwater setting period is reduced by about 20 to 
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30% upon substituting 10% of the cement content thereof with silica 
fume. This is the same as in the case of the prescribed setting 
period itself being extended just like when the amount of water added 
is increased and the water temperature is reduced. 

According to the cement composition for underwater pouring 
according to the present invention in which silica fume is compounded, 
runoff of the cement content underwater is suppressed due to an increase 
in the rate of silica fume mixed into the composition. For example, 
upon examining the relationship of the amount of silica fume to the 
underwater turbidity by allowing the cement composition for underwater 
pouring, in which 10% {% by weight) of silica fume was mixed in at 
the optimum compounding rate with respect to the cement (a mass for 
testing use) , to fall freely underwater, it was proven that the 
underwater turbidity decreased by one-half to one-fourth of a cement 
composition for underwater pouring used as the control and is different 
than the above-mentioned mass for testing use merely due to the fact 
that silica fume is not mixed into the composition. This means that 
the amount of the polymer thickener can be reduced in the case /347 
of the cement composition for underwater pouring according to the 
present invention at a fixed turbidity level . According to the present 
invention, the rate of the polymer thickener added can be decreased 
from about 1.5% to about 1.0% over a conventional method. Silica 
fume is more expensive than cement, but its cost is much lower than 
polymer thickeners. Therefore, the above-mentioned facts mean that 
the cement composition for underwater pouring according to the present 
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invention is more profitable than a conventional composition. It 
also means that the setting period is shortened even further as a 
result of being able to reduce the amount of the polymer thickener. 

Moreover, since the cement composition for underwater pouring 
according to the present invention contains silica fume, the internal 
structure of this cement composition becomes more compact due to 
the pozzolan reaction between the Si02 in the silica fume and the 
Ca(0H)2 of the free lime, which is the hydration product of the cement. 
In particular, an improvement in the durability in an oceanic 
environment (resistance to salt damage and freezing and thawing cycles) 
is achieved. 
(Test Examples, etc.) 

The present invention is explained specifically next through 
the various test examples. 

The cement compositions for underwater pouring (the samples) 
subjected to the below-mentioned test examples are mortars in which 
a cement paste is prepared by adding water to Portland cement (and 
silica fume) and a polymer thickener (a commercially-available type 
composed mainly of hydroxymethyl cellulose linder the trade name 
"Celcrete [transliteration] H" fromDaicel Chemical Industries, Ltd. ) , 
mixing this, then the cement content of this polymer 
thickener-containing cement composition is added as an admixture 
at a standard sand to cement content ratio of 1:2 based on weight. 
However, as with a concrete in which a coarse aggregate is added, 
heed needs to be taken in subjecting such mortar to testing. 
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Test Reference Example 1 

Upon preparing test samples in which the water/cement ratio 
(W/C) was 50%, the rate of the polymer thickener added (% by weight 
of polymer thickener to the unit amount of water) was 0.05, 1.0 and 
1.5%, respectively, and measuring the setting period at room 
temperature (20°C) , the results were obtained as shown in Figure 
1. 

Whereas the pre-setting period of the sample with no polymer 
thickener added was 4.5 hours and the post-setting period was 7.2 
hours, the pre-setting period was 10.2 hours and the post-setting 
time was 13.5 hours for samples standardized in the past where the 
rate of the polymer thickener added was 1.5%, so it was proven that 
the pre- and post-setting periods were prolonged about 6 hours due 
to addition of the polymer thickener. 
Test Reference Example 2 

Upon preparing respective samples in which the water/cement 
ratio (W/C) was 55% and the rate of the polymer thickener added was 
varied, about 2 kg of each sample was obtained in a dumpling shape 
and allowed to fall freely into a tube (200 mm in diameter, 1,800 
mm in length) filled with tap water to measure the turbidity of the 
water at aposition 1, 200 mm below the water level 30 seconds afterward, 
and the obtained results plotted on a graph are shown in Figure 2 . 

The allowed level of turbidity was set to 50 ppm or less. It 
is seen that the rate of polymer thickener added should be about 
1.5% or higher in view of the points of flexion on the turbidity 
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curve in the graph in Figure 2 . 
Test Example 1 

Samples in which the water /cement ratio (W/C) or the water /cement 
and silica fume ratio (W/C+F) was 55% and the rate of silica fume 
mixed varied between 0 and 20% (this was mixed based on an inner 
rate with respect to cement weight) , and samples in which the W/C+F 
was 55% and the rate of polymer thickener added was 1.5%, and the 
rate of silica fume mixed varied between 0 and 20% were prepared, 
respectively, and upon measuring the setting periods (pre- and post-) 
for each sample at room temperature (20°C) , the results as shown 
in Figure 3 were obtained. 

As seen from the graph shown in Figure 3 , it is clear that addition 
of the silica fume to an ordinary sample with no polymer thickener 
added affected the reduction in the setting period. But as the polymer 
thickener is added to samples for so-called underwater pouring in 
which the rate of silica fume is increased, it is seen that the setting 
period is shortened, that is, it is shortened about 3 hours when 
the rate of the silica fume mixed in is 10% and about 5 hours when 
the rate is 20%. /348 

It was also proven that, as the rate of silica fume added came 
close to 20%, the viscosity of the sample composition increased 
remarkably and hardships in the working efficiency developed. Thus, 
the rate of silica fume mixed in should be kept to about 10% from 
the standpoint of applicability. 
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Test Example 2 

Based on the results in Test Reference Example 1, samples in 
which the rate of the silica fume mixed in was 10%, the water/cement 
and silica fume ratios (W/C+F) were 50 and 55%, respectively, and 
the rate of the polymer thickener added was varied were prepared, 
and the setting periods of the respective samples were measured at 
room temperature (20°C) . 

Meanwhile, upon measuring the setting periods for the control 
sample without any silica fume added in the same manner and plotting 
the ratio of the setting periods of the respective test samples 
based on the setting period of this control sample (level: 1-0), 
the results as shown in Figure 4 were obtained. 

The setting period ratio of each test sample was 0.7 to 0.8, 
so it was proven that the setting period could be shortened by about 
20 to 30% when the rate of the silica fume added in was 10%. 

Moreover, upon varying the W/C+F between 40 and 50%, setting 
the temperature conditions in a low- temperature region of 5 to 20^C, 
measuring the setting periods of the samples (the rate of polymer 
thickener added to the test samples was 0.8%) , and plotting the setting 
period ratio as described above, the results as shown in Figures 
5 and 6 were obtained. The setting period ratios for these test 
samples were about 0.75 to 8.0, so it was proven that the setting 
period could be shortened by about 20 to 25% if the rate of the silica 
fume mixed in was 10%. 
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In summarizing the results shown in Figures 4 to 6, it is clear 
that the setting period can be shortened by about 20 to 30% if 10% 
of silica fume was mixed in, regardless of the amount of water added 
or the water temperature. 
Test Example 3 

Upon measuring the underwater turbidities of the samples as in 
Reference Test Example 2, provided that the rate of silica fume mixed 
in was 10%, the water /cement and silica fume ratio (W/C+F) was 55%, 
and the rate of the polymer thickener was varied, the results as shown 
in Figure 7 were obtained. 

The results seen from Figure 7 mean that the rate of the polymer 
thickener added can be reduced from 1.5% to 1.1%, that is, by 0.4%, 
in setting the turbidity level to 50 ppm. 
Test Example 4 

Upon measuring the setting periods at room temperature (2 0*^C) 
for samples in which the water /cement ratio (W/C) or the water /cement 
and silica fume ratio (W/C+F) was 50%, and the rate of silica fume 
mixed in was 0 or 10%, the results as shown in Figure 8 were obtained. 

According to the results obtained in Test Example 3, that is, 
by applying the fact that the rate of the polymer thickener added 
could be reduced from 1.5% to 1.1% to the results obtained in this 
Test Example 4, it is clear that the setting period is shortened 
by about 1 hour due to a decrease in the rate of the polymer thickener 
added . 
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That is, in reference to the above-mentioned results and 
especially the results shown in Test Example 1, the setting period 
were shortened by about 1 hour + about 3 hours, that is, by 4 hours 
total when the setting periods of the samples in which the rate of 
the silica fume mixed in was 10% and the rate of the polymer thickener 
added was 1.1% were compared with that of the conventional sample 
in which the rate of the polymer thickener added was 1.5%. 
Example of Cost Estimation 

The results of estimating the costs for 1) a cement composition 
for underwater pouring according to the present invention when the 
water/cement and silica fume ratio (W/C+F) was 50%, the unit amount 
of water was set to 2 00 kg/m^ and that of the cement was set to a 
standard value of 400 kg/m^, and the rate of the silica fume mixed 
in was 10% and 2) a conventional cement composition for underwater 
pouring when the rate of polymer thickener added was 1.5% without 
any silica fume added, with the cost of cement cost being 15 yen/kg, 
the polymer thickener being 4,500 yen/kg and the silica fume being 
60 to 70 yen/kg, were as shown in Table 1 shown below. It was proven 
that the cost of the cement composition according to the present 
invention was 1,400 yen/m*^ less than the conventional one. 



12 



Table 1 



/3 





Amount 

Increase /Decrease 


Cost 

Increase /Decrease 


Decrease in rate 
of thickener 
added : 

H/W=1.5-l.l=0.4% 


W=200x0. 4/100=0. 8 
kg/m3 (a decrease) 


0.8x4,500=3,600 
yen/m^ (decrease) 


10% of cement 
substituted with 
silica fume 


F=400xl0/100=40 
kg/m^ 


40x(70-15)=2,200 
yen/m^ (increase) 




3,600-2,200=1,400 
yen/m^ (decrease) 



Test Example 5 

As a result of preparing 1) a 1:2 mortar composition according 
to the present invention (test product) in which the water /cement 
and silica fume ratio (W/C+F) was 50%, the rate of the silica fume 
mixed in was 10% and the rate of the polymer thickener added was 
1.1% and 2) a conventional 1:2 mortar composition (control product) 
in which the water /cement ratio (W/C) was 50% and the rate of the 
polymer thickener added was 1.5%, respectively, and examining the 
work efficiency (applicability) of manual work, the results were 
as shown in Table 2 below. It was proven that the working efficiency 
improved considerably, as seen from the reduction in both the amount 
of the silica fume mixed in and the amount of polymer thickener used. 
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Table 2 



Type 


Judgment of Working Efficiency 


Scooping 


Troweling 


Control 
Product 


Highly viscous. High 
resistance to 
handling. Scoop 
passing is not improved 
and work is hard. 


Separability from 
trowel not improved 
and work is easy. 


Test Product 


Little resistance to 
handling. Passing and 
cutting are 
satisfactory. Work is 
easy. 


Separation from 
trowel is 
satisfactory. 
Sticking of mortar 
is low. Work is easy. 



(Advantages of the Invention) 

Runoff of the cement content of the cement composition for 
underwater pouring according to the present invention can be suppressed 
effectively underwater as it is conveyed therein and the setting 
period can be reduced. Consequently, the strength can be manifested 
at an early stage. Therefore, it is difficult for the pouring .to 
be adversely affected by water currents. Furthermore, the rate of 
the polymer thickener can be reduced, as a result, the setting period 
can be shortened even more, thus reducing costs. 

In particular, the resistance of a cement structure thus formed 
to salt damage and the like is improved since the internal structure 
is more compact due to the pozzolan reaction between the Si02 in 
the silica fume compounded with the cement composition for underwater 
pouring according to the present invention and the Ca(0H)2, which 
is the hydration product of the cement. Therefore, the cement 
composition according to the present invention has special benefits 
because it is especially adapted for use in an oceanic environment. 
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4 . Brief Explanation of the Drawings 

Figure 1 is a graph showing a relationship between the rate 
of the polymer thickener added and the setting period of the cement 
composition; Figure 2 is a graph showing a relationship between the 
rate of polymer thickener added to the cement composition and the 
underwater turbidity when the cement composition falls freely 
underwater; Figure 3 is a graph showing a relationship between the 
rate of silica fume mixed into the cement composition and the setting 
period of the cement composition; Figure 4 is a graph showing a 
relationship between the ratio of the setting period of a cement 
composition in which the rate of silica fume mixed in is 10%, based 
on the setting period of the cement composition in which no silica 
fume is mixed in and the rate of polymer thickener added; Figure 
5 is a graph showing a relationship between the water/cement ratio 
and the setting period as well as a relationship between the ratio 
of the setting period of the cement composition with 10% of silica 
fume mixed in, based on the setting period of the cement composition 
with no silica fume mixed in; Figure 6 is a graph showing a relationship 
between the temperature of the cement composition and the setting" 
period as well as a relationship between the setting period ratio 
of a cement composition with a 10% of silica fume mixed in and the 
temperature of the cement composition; Figure 7 is a graph showing 
the relationship as in Figure 2 except that it is between the rate 
of the polymer thickener added to a cement composition with 10% of 
silica fume mixed in and the underwater turbidity; and Figure 8 /350 
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is a graph showing a relationship between the rate of the polymer 
thickener added to cement compositions with 0 and 10% of silica fume 
mixed in and their setting periods. 

Figure 1 
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Figure 2 
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Figure 3 
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Figure 5 
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Figure 8 
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bT«)*rtifTani<Oir ^ > MNllii^^f 

tit«bT*a'«ii?ii 1/2 :Q3i i/i 
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» ^ 05 *'j 1 . 5sf 6 1.0% tc a r c: i: T $ 
tti«fl5-C«»^A^, Ui^ J' tomtit ^rty.ti^'L 

5C ^ 7' iff Wi <^ E ^ fl & i« iH. * IS « i: L 

sio. t -fe jt V K o*fB^^«57?& a ias!«CM 

- 7 - 

* ifi y (?) IS « . 

id^5SB$nait 4.5 B^nn-e^feu. iii$i^iaB$(i9 it 
7.2 ^ra-e^^Ki^b, ^^'T'i^l&IQeoss^ra^^^&i^ 

(c&M^ dSii^^ftii$nQit 10.2 fl$noTfibU. SIM 

«Fl§B$RS(t 13.5 B$(lQ-e&U, 

Ante ^ u ^ft^&tfwismraid^^ttcte 6 B^naiSJff 

■r -6 c: a: Bj] U 3fe . 
^#KBft<^ 2 

3!^ct-fe>l>^^:fl5)fc (w/c) ssj -e^-^r^J 

$ ISOOboi) & S dl «?T 3 -tir. «T 30 
fe*^>T7)(SDT 1200BID 0iiLnV:^0)m&km^ . 

7 k: y D y h m 2 laicjatsn^a 

Wtt«0ffr-«»«5& 50pp» JIJ^TtCKSir^t, 



!}|)9Q362'100468 (3) 

^ tt *^ r -t - h H J >:fc -r^ K5 la * "CitT IE <0 ^ 

©-eftoT, t K □ * i/ X f-yu-b ;i/ D - A fe^fiR 

» IS m T a S?l 5ij I : 2 O »J |> T fiP /jll ifi JftI ix 

^ ;i/ ;b r 6 /j^ . ^ ;u 3< k jfli fl- l>f a An ^ 

0.05, l.O atf 1.5$ CDS^i^ 
. 8 - 

&tfJ/'JA7a-Ai:OJt (»/C*F) 36< 55J! & 
oT, i/U*7i-Afl!)fttA««<J4^ 0- 20Jt (-fejl 

H: L *v feKlif ife ic w/c+F 55?; TfeoT 

7 JL - A 0«B A* 0 - 2ns£ CD «i PR -e 0g <fc -fr 

isiiSB$nfl(*ft»&t;i*«) s:3iiflT (201C) vm 

j« 3 0 ^E 5 y . Jfli ^ ^- it? «i /tij 

*«asira s nr if ifflWH tci« b r (± J/ 'J * 7 

^-A(DjslSj|)U(tli«fe9nno«Bt)ldlcj^VS:&»£;3E>&: 

ffl«>Kl*^cMbr{ii/«;:^J7J.~A<D^ttA«iJ^^ 



t&Am 10% VV^ 3 I^KO, UA^ 20% 5 B$ 

-A0jSAapt±*& 10$ ffl«> 6 /< * T A * c: t 
it ^ L . 

*:7A-Ai:(^Jfc («/C*F) I: 50 55« * 

*v 4' u , 55 ^> ^- *ff «r ?1PJ CD ^ ia * & a <r g< <b 

#ttSft&t»CDl5litll*raittt 0.7 - 0.8 -eifcU. 



!JR]B3G2-100468 (4) 

U * 7 a. - AOffl^ift & 10$ t>t-tl:W, SIM 

i^lfflSrya 20 - 30$ ffl«-c* a r t A^^aiigj ufc. 

i5Si. tf/C*F 40 - 50$ «)«5inirtT?^eifci!itfc 
»J, 5 - 20r <OittiUt«tc3tt5L^ LTK 

(5 4^ B$ RD & m 52 U r J: ffi t ^ tc K W 0.V RQ lb & >r 

□ y h u fc , m 5 jkt^ 6 [ifl tc $ n iis y <z) 
IS^nOJtitfii 0.75 - 8.0 T ;fe y , 10$ « »j 

7i"-AiaAM«-cfj 20 - 25$ un^Hti^m^mmv 
si$ 4 - 6 m i\, z> if^i ^ ^ ^ ifo-r . i/ 

tj ^ y a. - l.^ 10$ aXA-r * d i: J: U ifl^KSt 
tK a ^ fMcM J^fc L fi. W D.nfl 5: 20 - 30$ 

!fEmv ^ ^ z t it^nz> '. 

AO«ZAi<«S: 10$ ^C U FlOTfc fc -b >i V h &t5 
i'U:^3'a.-Afc0Jt (W/C + F) $: 55$ K L , 
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4 n -5 jfi y CD i§ « />• t5 ^ n . 

z(Dm 7 0 fflat»2?»s: soppB ^cK^•r 
n ifl5^>^-i0tt^i<o»Afli^x)« 1.5$ 1.1$ tc 

0.4$ ®f« Of? S d & 0 r 45 . 

7Ki:-bJ*vhtWJt (K/C) Xl**4:-fc;i>h 
at/i/y;b7^-Ai:(DJt (tf/C*P) 75i» 50$ Tfe 
y , y ^ 7 :i - A 0 jg A J|? 0 X 10$ T S 

oi^T -ecosisa^fifl firsKsar (2or) -caii^Lfc 

tt^PJ® SSAD* & 1.5$ 1.1$ fctt^jft Ut5<5» r 

a: $: , * gft 4 J: y '{5 6 ^^ *5 J}^ tc ^5 T It 

flUtj, S/y^7i-A(D^A^& 10$ iiUJi. 

oins ^>7-«?«ft»Joasifii?«t * 1.1$ fcbfcK^ffflfii 
i5B$mni, .iifi^>-r-*(?ttM«)Sij(ip*& 1.5$ thtz 



- 12 - 

Ifll I m 5^ n i IS in- S: ^ rt'^ If , 1 ♦ l^d 

3 B$ na . flii ^ 4 d.v iiu *uia 5 *i 6 c: ^ /j: 2» . 

*i:izji>K2fel/i^yyj7a.-At<0Jfc 
(W/C+F) S: .50$ i|Mft *MS: 200kr./»' kl , 
Xtr;*VKS: 400kB/»* m^^^mK^'^V . S/y 
:^ 7 ji - A (0 ?fi A & 10$ i: U <D nj] 

C J: * rli rX 22 m CO -fe ;* > h «ln\l1$j t , y ;^ 7 
i - A 5:ftlt^itrXfi^>T-iWtfi^)«)j6;jUi^ 5: 1.5$ 

■fe V h lf> Pl/kB, 

jt^^yT-its^ftv/M 4500 n/kR 

V y J. - A GO - 70 n/kn 

UT3 X h &,W$JCU;fe«,^/ittli:TiiacD^ 1 iz h< 
S<i5aiy-e*y. 4^%«9J J; ^» -t ;* > hUliiat^j 
i±ta6*©ti<DJ:yt» 1400 I^J/n" nxhafifc/j:rj 

d t m m b • 
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a 1 







3 ^ h 


n/tf=K5-i.i 


Vs200 X 0.4/100 
=0.8 kg/B* 

(«'>) 


0.8 X 4500 
= 3600 Pi/m* 


-b >t > h 1035 

& J/ y * 7 i 


F=400 X 10/100 
s40 kg/a' 


40 X (70-15) 
= 2200 R/m* 




3600 - 2200 
:sl400 B/n' 



(tf/C + F) & 50S! hU. i/yyj7a-A«)JSAJ^ 
& 10$ i: LE-^KJ^J'^^fflftftlCOS^Jpi^S: I.ISS 
i: <fc U fesjc^BBQ ^c J: a 1 : 2 * ;i/ ;i/ ffl ^ 1^ 

7Ki:-lr;iyhi: iO.it («/C) i S0% 

- 15 - 

S: iS flB fcMt 5 i2 ;t > h ^><^ ai & Jft » 

^ > h ©*fn*iaiS9-efe5 Ca(OII). tiK'/vV 

-fe > h ^{5 (*: l± ifi W ^ ^1 1- -5 Irt ^ 7)» iro J- u 

-C ffl ^> <D H 3* ig-r & i: e> 1^ 33J <fc A» S: ^ U 
Tv^ 



HBaB562-10U4G8(5) 

tUfioSf^^^JWIftm^O^All^S: 1.5$ ttxbtz 





^: (Z) ipj (Tr 


X 3 y ^ft 


3 X l± ± tf 




CO ffi :^ > J^Zl y 


y 




/j> . ai y «i *v *^ 


;p * ^1/ f^l 3!J < . 
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n ^ > h iffi nSc 4^ ^ <o ii'fi ^> -r- 10 mo>'t^ Au t * M' 
^^<osiiiV05?rai t ^iwtt'i 5: >K'r i/" V 7 , m a m 

i/ y * 7 A - A jlSl ffil A (Z) -fe ji h INI J& W SI *iV 
B$ M & 3S J» t b fc , i/ y * 3^ JL - A all A 1 03£ 

0 -fe ^ > h m CO w «.¥ ini it t . a*5 ^> itt >w 

<0 ^ ijn * i: W Wl f^i & tK- ^ , m r, i: 
-tr ;i > I- CO it K M »i= in) 0 liU tf» 4fe tr. y 
7 a - AMiBA<0-fe >i V h«UAtt*OSJi<An*ra S: Ji. 
51«tbfc. •> y i> 7 3. - AHA AM* 10$ {0-fe;lV 

[jg €f» ^ ^ -r V 7 . m fi r«i ti -fe ;A V K «uic i«j <o 

iU ^ h ife^- IKV HI3 i: CO IW {,fi >lft 1/ i' > U a. - A 551 
ia A CO i2 ;i > h *U 1^ CO (g3F: Hii B.V llli & 4.t ^ b t , 
5/ y * -7 a. - AittA* 10$ « -b ;* V HafiK43jO 
Slttfl#IHiJti:"fe>i>h III Jill i*©iai£fc(OI«IfiR&?Tc 

•r if 9 7 , m 7 m\tm z i«i r « co , l v y 

* :7 ;a - A ifd A J**. $: 10$ t tii b fc t< V h fil 
4^ *; «^ « it'fi ^> ^- /PI © M ^ t M miS. t a> 
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I^ea 0^162-100468 (6) 




0.5 1.0 1.5 




mmz-mm (7) 





"OS To 15 

m^Mit^i^m^^ (%) 



V^CtF=50% 



v/c^-55y. 
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7'c 

:i: |f/c.f=o./. 

IZl 1f/c+f=iov. 

a — □ 



If/c+f-iov. 





26r 




26- 




24- 




22- 




20- 




18- 




16- 




14- 








12- 


!^ 


10- 


^35 




is? 


8- 


S« 


6- 




4- 




2- 




0- 




40 45 50 

^ > ^^t(W/tt|^)(%) 

me 



is— '0i5 



1.0 



IT 




lF/c+F=oy. I 
A— A |F/c+F=ioy.l 
lF/c+F=ioy. 



5 10 

6Jtn'^-:^hil^ Cc) 



20 



1.0 inff 



05 
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20 




' 2- 

0 05 \a 1.5 

m=i^^^>^}fi^ (%) 
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